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SECTION 1

INTRODUCTION

This Guide is an overview of the basic and most significant literature on
nuclear weapon phenomena and effects. It is intended to give initial biblio-
graphic guidance to individuals new to the study of nuclear weapon phenomena

and effects, to those experienced in a particular area but wishing to expand

their knowledge into another area, and to those about to begin a survey of a
particular phenomenon or effects subject.

This Guide is based on the reference collection of DASIAC, the DOD Nuclear
Information and Analysis Center. DASIAC is the focal point for information and
data on nuclear weapon explosions phenomenology and effects on military sys-
tems.* This Guide supersedes a 1972 version entitled A Guide to Nuclear Weap-
ons Effects Literature (DASIAC SR 102 R).

The literature reviews are organized into the following four categories,

each of which is given an alphabetic letter designator for cross-referencing:

Section 2: Comprehensive and Summary Literature (C)

Section 3: Nuclear Weapon Phenomena (P)

Section 4: Nuclear Weapon Effects (E)

Section 5: Special Reference Materials (R).

The phenomena and effects sections are further broken down into subsections
(with one or two additional letter designators for cross-referencing), e.g.,
air shock in the phenomena section (designated as PA) and naval systems in the
effects section (designated as EN). The complete listing of sections, subsec-
tions, and alphabetic designators is shown in the Table of Contents. Appen-
dix A is a listing of acronyms and abbreviations used.

Within each section or subsection, the most significant, basic, and author-

itative references are very briefly described. Bibliographic information for
each source document is included with its discussion so a reader interested in
a particular phenomenon or effects on a particular system need only refer to
the few pages dealing specifically with his area of interest. For cross-refer-
encing purposes, each source document is referred to by its letter designator
and a numerical serial number. For example, the third source document regard-

-- ing nuclear weapon effects on personnel is designated as "Reference F-P-3."

IM..

-2DASIAC has prepared, under separate cover, A Guide to Nuclear Warfare and
Policy Literature (DASIAC SR 207).

.
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Source documents are generally discussed within their most logical catego-
ries, but a simple categorization is not always possible. For example, effects
on pyrotechnics are included in the subsection of effects on aerospace systems,
which is the primary interest, although pyrotechnics also apply to other mili-
tary systems. Effects on Army missiles are included in the subsection on ef-
fects on ground forces field equipment, rather than effects on aerospace
systems. Therefore, a reader should review all subsections that may relate to
his interest. This is facilitated by the brevity of the text.

The cited references are. available at DASIAC for review by authorized visi-
tors (for convenience, the DASIAC reference number is given with the biblio-
graphic data); however, DASIAC does not loan or distribute reports. Whenever
known, the ordering numbers (?D numbers) assigned by the Defense Technical In-
formation Center (DTIC) are included so that qualified requesters can order re-
ports of interest.
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SECTION 2

COMPREHENSIVE AND SUMMARY LITERATURE (C)

There are two primary comprehensive overviews of nucleai weapons phenomena
and effects, one of which is unclassified.

The Effects of Nuclear Weapons (Reference C-i) is without question THE ba-

sic and comprehensive unclassified overview. It is so well known throughout 7
the NWE community that it is often referred to simply as "Glasstone," the sin-

gle editor of the first two editions, or "ENW," from its title. All nuclear
weapon phenomena and effects (primarily non-military) are lucidly discussed in
both lay and technical terms, making this excellent reference the first choice

for a reader in search of a broad and concise authoritative survey of the en-

tire field.

Capabilities of Nuclear Weapons, DNA EM-l (Reference C-2), is the best sin-

gle comprehensive reference on all aspects of nuclear weapon phenomena and ef- M

fects. This classified two-volume set both complements and supplements The
Effects of Nuclear Weapons. Volume 1 focuses on nuclear weapon phenomenology

and Volume 2 covers nuclear weapon effects that are primarily of military in-

terest. This major DNA handbook, often referred to by its report number
"'EM-I," was last published in 1972 (with minor revisions through 1981), but it
is presently being completely revised. When updated, EM-I will again serve its
important role as a basic source document for the preparation of nuclear opera-
tional and employment manuals by the military services.

Each of the military services has published reports that may be considered
comprehensive overviews. Systems Applications of Nuclear Technology is a nine-
volume set of reports (AFSCM 500-series) on survivability and vulnerability of
air force systems. The first volume (Reference C-3) is a comprehensive summary
of nuclear weapon phenomena and effects; the other volumes of this 1970 publi-
cation apply to particular phenomena or effects and those that still pertain
are referenced elsewhere in this Guide. Sourcebook for Free-Field Nuclear-En-

vironment Data is a six-volume set of army reports (BRL R 1494) that describe
nuclear weapon environments pertinent to ABM materials development. The first 'J

* volume of this set (Reference C-4) summarizes nuclear weapon phenomena, al-
though it also is relatively dated (1972 publication). The other volumes of

A. this set that pertain to effects on aerospace systems are referenced in that
subsection of this Guide. The Blast, Thermal, an4 Nuclear Radiation Environ-
ments Produced by Nuclear Detonations Over Water (Reference C-5) is a recent

summary of those phenomena of naval interest. The environments are calculated
using state-of-the-art (in early 1980's) computer codes. Handbook of Underwa-

-7-1 ter Nuclear Explosions, DNA 1240-series (see Reference PW-I), supposedly treats
all phenomena and effects from underwater explosions, but only water shock phe- -
nomena and effects are covered in detail; also, the material is from the ;'

1960's. Recently, the navy has produced a three-volume Naval Warfare Publica-
tion (NWP) on navy nuclear weapons, nuclear explosion environment, and vulnera-
bility of naval forces to nuclear explosions (Reference C-6). Volume 2 covers

5

IS"4-%

,-'¢ , - - -.." .. -- - ,'--.-- -, . . -. '.-.---.-'..- .-.- '...-- --. , "'---- . 'I.. .



nuclear explosions phenomena at sea and Volume 3 covers the response of naval
ships and submarines, equipment, personnel, and systems to nuclear explosions
phenomena. NWP-28 serves more as a handbook for ready reference, whereas DNA
1240 is more of a sourcebook for further research and analysis.

*Review of Nuclear Weapons Effects" (Reference 0-7) by Harold Brode dis-
cusses nuclear weapon phenomena, primarily from a physics point of view. Al-
though this paper is fairly old (1968), it is a useful overview. Phenomena are
reduced to relatively simple analytical approximations.

DNA has sponsored the development of software for scientific and military
applications of nuclear weapon phenomena and effects information, designed for
use with hand-held calculators and small computers. Taken as a whole, these
CROM packages (as they are known) comprehensively cover the field of nuclear
weapons phenomena and effects. Since this program is ongoing and the CROMs are
under constant development and improvement, interested readers should check
with DNA or DASIAC to identify the current version of any particular CROM.

C-1. The Effects of Nuclear Weapons, Third Edition, S. Glasstone and P.J. Do-
lan, editors, U.S. Department of Defense and U.S. Department of Energy,
653 pp., 1977. (Available from U.S. Government Printing Office as re-
port 1977 0-213-794). (U)

c-2. Capabilities of Nuclear Weapons (U), DNA EM-l (2 volumes), Defense Nu-
clear Agency, 1,200 pp., 1972, with changes through I August 1981. (SRD)

C-3. Systems Applications of Nuclear Technology (U), Nucl-3ar Weapons Effects
on Air Force Systems (U), AFSCM 500-1 (DASIAC 10556), U.S. Air Force
Systems Command, 200 pp., April 1970. (SRD)

C-4. Sourcebook for Free-Field Nuclear-Environment Data (U), Introduction (U)
Phenomenology (U), Volume 1, BRL R 1494 (DASIAC 13410), A.A. Temperley,
et al., U.S. Army Ballistic Research Laboratories, 71 pp., April 1972.

AA (SRD)

C-5. The Blast, Thermal, and Nuclear Radiation Environments Produced by Nu-
clear Detonations Over Water (U), NWEF Report 1169(R) (DASIAC 32729: AD i.

C027485), D. Deitz, et al., Naval Weapons Evaluation Facility, 160 pp.,
February 1982. (SRD)

C-6. Naval Warfare Publication 28 (U), NWP-28-series (3 volumes), U.S. Navy
Chief of Naval Operations:

Navy Nuclear Weapons (U), NWP-28-1, March 1983. (S) ':*y'

Nuclear Explosion Environment (U), NWP-28-2, July 1983. (S) ..
Vulnerability of Naval Forces to Nuclear Explosions (U), NWP-28-3 (not
yet distributed). (S)

C-7. 'Review of Nuclear Weapons Effects" (DASIAC 08805), H.L Brode, Annual
Review of Nuclear Science, Volume 18, pp. 153-202, Annual Reviews, Inc.,
Palo Alto, CA, 1968. (U) 6
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SECTION 3

NUCLEAR WEAPON PHENOMENA (P)

The references described in Section 2 generally cover all nuclear weapon
phenomena and are the first choice for an overview of all aspects of nuclear
weapon phenomena. Some other references are -omprehensive for certain situa-
tions. Handbook for Nuclear Weapons Effects Under Arctic Conditions (Reference
P-l) covers all the nuclear weapon phenomena and effects on the environment
from low altitude and underwater bursts in the arctic. The other references
discussed in this section generally focus on the specific phenomena of: L

* Air shock

e Ground shock, cratering, and ejecta

* * Water shock and related phenomena

* Initial ionizing radiations

* Thermal and optical

* EMP environments and interactions

e Cloud and fallout.

As discussed in Section 2, software for hand-held calculators is available for
calculations of these phenomena.

The pheromenology of nuclear-induced atmospheric disturbances is discussed
in "C3 Systems and the Atmosphere" in Section 4.

P-1. Handbook for Nuclear Weapons Effects Under Arctic Conditions (U), K-80-
143(R) (DASIAC 34758, AD C022311), by J.R. Keith and W.E. Wallace of

,,. , Kaman Sciences Corporation for DNA, 369 pp., 30 April 1980. (SRD)

'E
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AIR SHOCK (PA)

The definitive source on nuclear airblast phenomena is DASA 1200, Nuclear -
Weapons Blast Phenomena (Reference PA-I). This five-volume set discusses the-
ory of airblast formation and propagation and theoretical and empirical scaling
of all aspects of airblast phenomena, and summarizes airblast measurements.
Current versions of the volumes date from 1971 to 1973. Volume I covers the
source and development of free-field nuclear airblast. Supplement 1 to Vol-
ume I addresses airblast from special nuclear weapons. Volume II deals with
airblast propagation along, and interaction with, the earth's surface. Supple-
ment 1 to Volume II covers airblast propagation in tunnels and chambers. Vol-
ume III presents airblast as a function of HOB and distance for detonations in
air, underground, and underwater. Volume IV addresses high-explosive simula-
tion of nuclear explosions. Volume V is a compendium of airblast data parame-
ters from atmospheric nuclear weapon tests.

Chapter 2 of NWEF 1.69 (see Reference C-5) is a recent computation of air-
blast parameters over water using the state-of-the-art (in early 1980's) LAMB
code.

Regarding non-nuclear airblast, Explosion Effects and Properties, Part 1 -
Explosion Effects in Air (Reference PA-2) provides much data on high-explosive
airblast phenomena as a function of scaled distance, HOB, type of HE, and other
factors. Equivalent weights for various types of HE are given for impulse and
pressure as functions of pressure regimes.

Engineering Design Handbook, Explosions in Pir (Reference PA-3) covers both
theoretical and experimental aspects of airblast technology. It is not limited
to nuclear airblast, but treats all facets of airblast of Army interest, e.g.,
conventional weapons, shaped charges, and muzzle blast. It covers general
phenomenology, theory, blast scaling, computational methods, and airblast ex-
perimentation aspects, including instrumentation, data collection, and data re-
duction methods Part 2 contains the information that is classified or of lim-
ited distribution.

A BRL sourcebook on free-field airblast phenomena (Reference ;.A-4) is quite
dated (1972), but may still be a useful summary.

OpK The DNA Nuclear Blast Standard (I-KT) (Reference PA-5) is the current ac- yI.4

cepted standard for the description of the blast environment from a 1-kiloton,
free-air detonation under standard atmospheric conditions.

Nuclear Airblast Summary for High Overpressures (toference PA-6) contains a
compilation of digitized plots of all available nuclear airblast overpressure
waveforms with peak pressures above 100 psi, compared with equivalent waveforms
from the analytical expressions (Brode Equations, from Reference C-7 and subse-
quent work) that have been adopted by the nuclear simulator development commu- ..
nity as the standards for nuclear waveforms.

Several relatively recent reports provide improved analytical and simulated
expressions for airblast parameters and waveforms. DNA 5741T (Reference PA'-7)gives such expressions for peak overpresures nd dynamic pressures, especially

as functions of HOB.

..8-.



Analysis of Uncertainty in the Prediction of Free-Field Environments from
Explosions (Reference PA-8) is an 11-part s,-t of recent reports that compiles

and updates modern methods for predicting airblast and ground shock environ-
ments and for defining and quantifying uncertainties in the data. Parts 1
through 3 give the text discussion and Parts 4 through 1 show the data fits
for nuclear and high-explosive events.

Reference PA-9 is a chapter from a West German manual on vulnerability of

army systems that gives analytical functions of air shock properties for use
with pocket calculators.

PA-l. Nuclear Weapons Blast Phenomena (U), DASA 1200-series (5 volumes), De-
fense Atomic Support Agency:

Volume I, Source and Development of Blast Waves in Air (U), DASA
1200-I (AD 516107), 837 pp., March 1971. (SRD) Supplement 1 - Air
Blast Environments from Special Nuclear Weapons (U) (AD 523823L), 238
pp., 18 July 1972. (SRD-CNWDI)

Volume II, Blast Wave Interaction (U), DASA 1200-11 (AD 513590), 608
pp., December 1970 (revised 22 October 1971). (CFRD) Supplement 1 -
Air Blast in Tunnels and Chambers (U) (AD 906986L), October 1972. (U)

Volume III, Air and Subsurface Explosions (U), DASA 1200-Ill (AD
511266L), 268 pp., March 1970 (revised 15 June 1972). (SFRD)

Volume IV, Simulation of Nuclear Airblast Phenomena with High Explo-
sives (U), DASA 1200-IV (AD 527669), 300 pp., 31 Jily 1973. (SFRD)

Volume V, Data Compendium (U), DASA 1200-V (AD 503077L), 410 pp., June
1968 (revised 15 October 1971). (CFRD)

PA-2. Explosion Effects and Properties, Part 1 - Explosion Effects in Air,
NSWC/WOL/TR 75-116 (DASIAC 23077, AD A018544), M.M. Swisdak, Jr., Naval
Surface Weapons Center, White Oak, Silver Spring, MD, 139 pp., 6 October
1975. (U)

PA-3. Engineering Design Handbook, Explosions in Air (U), U.S. Army Material
Command:

Part One (U), AMCP 706-181 (DASIAC 25518, AD 060858), 400 pp., 15 July
1974. (U)

Part Two U), AMCP 706-182 (DASIAC 25405, AD 060857), 200 pp., August
1975. (SRD)

PA-4. Sourcebook for Free-Field Nuclear-Environment Data: The Free-Field

Blast Environment (U), Volume 5, BRL R 1494 (DASIAC 13725, AD 520977L),N.H. Ethridge, et al., Ballistic Research Laboratories, 244 pp., April

1972. (SRD)

9
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PA-5. The DNA Nuclear Blast Standard (1-KT), DNA 5648T (AD B064540L), by C.E.
Needham and J.E. Crepeau of Systems, Science and Software, Inc. for DNA,168 pp., 30 January 1981. (U)

PA-6. Nuclear Airblast summary for High overpressures (U), AFWL-TR-81-47I (DASIAC 33270, AD C029890L), H.W. Wampler and R.C. Bair of New Mexico
~14 Engineering Research Institute, University of New Mexico, for the Air

Force Weapons Laboratory, 78 pp., September 1982. (SRD)

PA-7. Fire, Airblast, and Underground Effects from Nuclear Explosions - Some
Current Progress, DNA 5741T (AD B069574L), by S;.L. Brode, et al.# of
Pacific-Sierra Research Corp. for DW.A, 244 pp., 1 January 1981. (U)

- ~ PA-B. Analysis of Uncertainty in the Prediction of Free-Field Environments
from Explosions, AFWL-TR-8l-82, Parts 1 through 11 (DASIAC 31794 through
31804), by C.J. Higgins, et al., of Applied Research Associates, Inc.
for the Air Force Weapons Laboratory, 480 pp. text and 2101 pp. appendi-
ces, January 1982. (U)

PA-9. Manual for Assessing the Vulnerability of Defense Eqiuipment of the Army
As the Result of Atomic Air Shock Waves, Part I, The Properties of the
Air Shock Wave, FTD-ID(RS)T-0303-83 (DASIAc 34181, AD B074173), K.A.
Kohler and H. Reichenbach of West Germany (translated 4 May 1983 from4, German for the Foreign Technology Division, Wright-Patterson AFB, OH),
92 pp., 1977. (U)

10



GROUND SHOCK, CRATERING, AND EJECTA (PG)

Nuclear Geoplosics: A Sourcebook of Underground Phenomena and Effects of
Nuclear Explosions, DASA 1285-series (Reference PG-i), is the basic sourcebook
on explosion-induced ground motions and related phenomena. As the titles of
the five volumes indicate, the set includes discussion of theory of ground mo-
tion, earth material properties, test sites and instrumentation, empirical data
on ground motion and cratering, and effects on underground structures and I0

equipment. However, except for Volume IV, the current volumes of this source-
book are quite old. Volume IV of the original set has been greatly expanded to
include data from high-explosive simulations and reissued as DNA 6501H-4 (Rcf-
erence PG-2), a two-volume set on empirical data and analysis of ground motion,
cratering, and ejecta phenomena.

Analysis of Uncertainty in the Prediction of Free-Field Environments from
Explosions (Reference PG-3) is a recent 11-part set of reports that compiles
and updates modern methods for predicting airblast and ground shock environ-
ments and for defining and quantifying uncertainties in the data. Parts 1
through 3 give the text discussion and Parts 4 through 11 show the data fits
for nuclear and high-explosive events. Ground Motion Environments for Generic
Site Conditions (Reference PG-4) is a 1975 state-of-the-art review for provid-
ing methods to predict and scale airblast and ground shock environments gener-
ated by nuclear explosions in various generic geologies. Multiple Burst Ground
Shock Environments (Reference PG-5) is a recent evaluation of the Waveforms
Synthesis Model for predict.LIng both single- and multiburst ground shock envi-
ronments. Numerical simulations of cratering and Ground Shock from High-Explo-
siva and Nuclear Tests (Reference PG-6) evaluates the current (1980) capabili-
ties of such simulations. "A Back-of-the-Envelope Approach to Predicting
Ground Motion Phenomena" (Reference PG-7) presents a simple analytic model for
ground motion that shows good agreement with empirical data over a wide range
of times, pressures, and distances.

"The Theory of Cratering Phenomena, an Overview" (Reference PG-8) concisely
describes the physical processes of cratering and examines theoretical capabil-
ities for crater prediction. (The book of this symposium proceedings has other
articles of interest on cratering.) Nuclear Cratering (Reference PG-9) is in-
tended as a relatively simple presentatiqn of the important physical processes

. involved in cratering along with their spatial and temporal scales. Cratering
by Explosions: A Compendium and an Analysis (Reference PG-10) tabulates basic
data on explosives parameters, earth media, and crater and ejecta dimensions
for nuclear and high-explosive simulations. The data are organized into vari-
ous meaningful categories (e.g., by earth type) and analyzed to develop analyt-
ical relationships. A Compendium of Data from Laboratory-Scale High-Explosive
Cratering and EJecta Studies (Reference PG-II) tabulates crater and ejecta data
from over 650 gram-sized high-explosive charges detonated at various near-sur-
face HOB/DOBs. Estimates of Crater Dimensions for Near-Surface Explosions of
Nuclear and High-Explosive Sources (Reference PG-12) shows procedures for pre-

4'W. dicting crater dimensions from nuclear explosions in various geologic media and
for scaling to other conditions. The procedures are based on an analysis of
high-explosive and nuclear crater data and quantification of the cratering ef-
ficiency of various geologies.
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